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Evidence has been accumulating that certain superficial fungi are capable of active
invasion of the deeper tissues. Harris and Lewis (6) reported the first instance of hair
follicle infection by T. rubrum (purpureum). Wilson (19) more recently reported a case of
deep nodular lesions of the legs in a female patient with superficial trichophytosis rubrum.
The organism was recovered in cultures from the nodules, and the sections of biopsy mate-
rial contained spores of bizarre form. In a personal communication Wilson has informed
the authors that he has now collected several additional similar cases. Other investigators
have presented evidence indicating that trichophyton fungi are capable of surviving within
internal organs for at least a limited time. For example, dermatophytes have been recov-
ered in a few instances from the blood of patients with fungus infections, particularly
after treatment with x-ray or trichophytin (1, 7, 8, 15, 17, 18). White (17) reported an in-
stance of recovery of Trichophyton mentagrophytes (interdigitale) from the regional lymph
nodes of a patient with a pedal infection and cited recovery of T. mentagrophytes (granu-
losum) from neck nodes in a patient with tinea capitis.
Of further interest is the report of Lewis, Hopper and Scott (10) of three cases of systemic
lymphoblastomata associated with extensive superficial T. rubrum (purpureum) infections.
These authors have suggested that the association of T. rubrum infection with generalized
lymphoblastoma may not always be coincidental. They cite the work of Cawley and Curtis
(4), Fitchett and Weidman (5), Mallory (11) and others, concerning the simultaneous oc-
currence of lymphomatous disease and systemic mycotic infection, particularly with Cryp-
tococcus neoformans and Histo plasma capsulatum. The significance of this association
has been the subject of speculation by numerous investigators. Lewis, Hopper and Scott
(10) have advanced the hypothesis that the lymphoma lowers host resistance, thus pre-
disposing to more active invasion by the mycotic agent.
Small animal experimentation has furthered our knowledge relative to systemic fungus
disease. Saeves (12) injected guinea pigs intravenously with T. mentagrophytes (gypseum)
and T. mentagrophytes (Achorion quinckeanum) and succeeded in producing widespread
cutaneous lesions not unlike trichophytids, but from which the fungi could easily be re-
covered. Sulzberger (14) reported the recovery of T. mentagrophytes (A. quinckeanum)
from heart, liver, kidney, spleen and lung after intracardial injection of guinea pigs. In
another study Sulzberger (13) obtained positive blood cultures of the same microorganism
thirteen days after cutaneous inoculation of guinea pigs. More recently, Catanei (3) ob-
tained positive heart blood cultures from guinea pigs after intraperitoneal injection of
T. mentagrophytes.
In none of this work have internal organ lesions due to Trichophyton fungi
been described. The question of whether the spores of dermatophytes survive
and grow in the internal organs of a host has become of particular importance
in view of the possibility that some of the obligatory superficial fungi may,
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under certain circumstances, be capable of invasion of the deeper tissues and
may, at times, produce pathologic lesions simulating other diseases.
The studies herein reported are concerned with the pathogenesis of a chronic
granulomatous disease of mice which develops following the introduction into
the peritoneal cavity of viable mycelium of T. rubrum. Included are (1) a study
of the day by day gross pathologic changes in the mice, (2) pathogenesis and
histopathological features of the disorder, and (3) a comparison with the tissue
reaction to a foreign body (sawdust) injected by a similar technic.
MATERIALS AND METHODS
Cultures. Strains of Trichophyton rubrum obtained from three different patients were
employed. All cultures had been maintained on Sabouraud's agar slants in the laboratory
for at least two years from the time of isolation before they were used. All three of the
strains were attenuated. Colonial size was small; there were few or no microconidia, and
the ability to produce pigment was greatly diminished.
Preparation of Inocula. The surface of four-weeks-old T. rubrum colonies on Sabouraud's
agar slants in screw cap culture bottles was flooded with sterile isotonic saline solution
containing 25,000 units of crystalline penicillin G per cubic centimeter. Suspension of
mycelial fragments and microconidia in the solution was made by rubbing the surface of
the submerged cultures with a soft wire loop. This suspension was then taken up in a syr-
inge, transferred to a small sterile mortar, and ground until homogenous to the eye. Wet
mounts of the inocula contained from nine to twelve mycelial fragments per high-dry
field (430 X). The fragments varied in size, consisting of from one to thirty cells. Some
of the fragments possessed branches.
Animal Inoculation. Forty-eight healthy adult male ABC mice of similar weight (30—
35gm.) were caged in four groups. Three groups of fourteen each received a different 7'. ru-
brum strain inoculum. The mice were given 0.2 cc. of mycelial suspension intraperitoneally
after abdominal cleansing with 70% alcohol. Tuberculin syringes with t' 21 gauge needles
were employed for the injections.
The remaining six mice were injected with a sterile suspension of sawdust in saline
solution. Baker (2) has pointed out that, owing to the relatively large size of fungous cells,
the tissue reaction to the presence of fungi such as Coccidioides immitis may present certain
similarities to that seen in foreign body granuloma. He has compared the typical mycotic
granuloma with that induced by the presence of splinters in the tissue, with "neutrophils
at first, giant cells next, and finally fibrosis." Sawdust was chosen for control injection in
this experiment for convenience in preparation and because this material has staining
properties in common with the wall material of fungi. Furthermore, it was considered
desirable to compare the response of the mice to the intraperitoneal injection of inert
particles such as sawdust with their response to injection by the same route with the my-
celium of 7'. rubrum.
The sawdust was first washed repeatedly in water, alcohol and ether. Particles of ap-
proximately the same size as the mycelial fragments of T. rubrum were obtained by differ-
ential centrifugation. Sufficient sawdust was then suspended in the salt solution to give
approximately the same optical density as the T. rubrum inocula.
The mice infected with 7'. rubrum were killed by etherization in groups of from one to
six animals at intervals of from two to eighty-one days after inoculation (Table 1). Smears
were made from peritoneal exudate, from miliary lesions dissected out and crushed upon
the slides, and from the cut surfaces of tissues. Similar materials were streaked upon Sn-
bouraud's agar. All smears were stained by the Giemsa method. Pieces of organs or tissues
exhibiting gross pathological change were fixed in formalin for histological study. Alter-
nate paraffin sections from each block were stained with hematoxylin and eosin, and by
the Hotchkiss-McManus technic (9).
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Six of the mice infected with T. rubrum, the six mice which had received sawdust injec-
tions, and six normal mice were given 0.05 cc. of 1—1000 trichophytin intradermally two
weeks post-inoculation, and again at three weeks post-inoculation. An additional four
infected mice were tested with trichophytin in this manner at seventy-six and eighty
days. Thirty-six to forty-seven hours after the skin tests were administered, all of these
mice were killed and examined by the procedure outlined in the preceding paragraph.
OBSERVATIONS
Clinical. No immediate toxic or shock responses to the injections of T. rubrum
or sawdust were noted. The mice remained in good health throughout the
experiment.
Gross Anatomy Observations. The observations made on autopsy of the animals
appear in Table 1. Although there were minor variations in the pathological
findings among the different mice in a given group, all observations on groups
of two or more mice have been reported as if made upon a single animal. No
differences in the behavior of the three strains of T. rubrum were noted iii this
experiment, and the tissue response of the animals to all three strains appeared
to be the same. It will thus be convenient to consider our data as if there were
no strain difference, and the cultures employed represented a single etiological
entity.
From two to six days after inoculation, miliary nodules were found in in-
creasing numbers, particularly in the vicinity of the splenic omentum. Between
the seventh and the twenty-first day evidence of dissemination from the pri-
mary omental focus throughout the peritoneal cavity was seen. Very minute
white nodules made their appearance over all of the peritoneal surfaces. Later,
these widely distributed lesions disappeared, while the now much larger lesions
in the region of the spleen progressed. At the termination of the experiment,
numerous granulomatous masses measuring up to 0.3 cm in diameter, located
in and about the original focal area, constituted the principal feature of the
gross pathologic changes.
An increased amount of viscous peritoneal fluid was noted in mice killed be-
tween the second and seventh day. Firm adhesions were present in the majority
of the mice from the tenth to about the twenty-eight day. Thereafter, adhesions
were slight or absent in most of the animals until after they were treated intra-
dermally with trichophytin at seventy-six and eighty days. Thirty-six hours
after trichophytin tests, increased viscous peritoneal fluid was again in evidence
in these mice, and widespread but very easily separable adhesions had reap-
peared. This effect was not observed in mice receiving trichophytin after four-
teen and twenty-one days. No skin response to trichophytin developed in any
of the mice, and although there was a slight increase in the percentage of eosino-
phils in tail blood smears made 30—36 hours after the trichophytin tests, this
increase was also seen in the mice which were not infected with T. rubrum but
had been injected with sawdust only. Normal mice showed no increase of eosino-
phils following trichophytin tests.
Smears. Smears of autopsy material stained by the Giemsa method were pre-
pared from mice killed up to and including the seventh day after injection. All
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TABLE I
Summary of gross autopsy pathologic changes
iNOC1JI4TIONAUTOPSIED
SSAJOR GROSS PAThOLOGIC ANGES NOTED
2 2 Increased viscosity of peritoneal fluid. Rare miliary nodules adherent
to spleen.
3 4 Increased viscosity of peritoneal fluid. More miliary nodules visible
on spleen, liver and omentum.
4 2 Increased viscosity of peritoneal fluid. Many nodules on spleen, liver
and omentum.
6 2 Increased viscosity of peritoneal fluid. Many nodules on spleen, liver,
omentum. Beginning of adhesions.
7 2 Same, plus pinpoint nodules over all of peritoneal surfaces.
10 1 Pinpoint nodules over all of peritoneal surfaces. Firm adhesions.
15 1 Same.
18 1 Same.
21 2 Fewer disseminated pinpoint lesions, but larger nodules on liver,
spleen, and omentum. Adhesions present.
23* 6 Nodules of various sizes (to 0.2 cm) in liver, spleen and omentum.
Adhesions present.
25 1 No miliary lesions seen. No adhesions. Several large (to 0.3 cm)
granulomatous masses in greater omentum in the vicinity of the
spleen.
28 3 Same. No adhesions.
32 1 Same.
35 1 Same.
38 4 Numerous granulomatous masses in greater omentum and in vicinity
of liver and spleen.
39 1 Except for slight adhesions this mouse appeared normal.
42 4 Numerous granulomatous masses in omentum, liver and spleen.
77t 3 Increased viscous peritoneal fluid. Liver and spleen enlarged. Many
nodules.
81f 1 Same as 77 days.
* 47 hours after 0.05 cc 1—1000 trichophytin intradermally.
t 36 hours after trichophytin.
PLATE I
FIG. 1. Lesion in pancreatic omentum. 81 days. H. & E. 40X.
FIG. 2. Abscess in sp'een. 35 days. H. & E. 40X.
FIG. 3. Abscess in liver. 18 days. H. & E. 40X.
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PLATE II
FIG. 1. Granulomatous area in parietal peritoneum. 28 days. Hotchkiss-McManus. 125X.
FIG. 2. Marked area from Fig. 1, 590X.
FIG. 3. Central necrotic area of abscess. 21 days. H. & E. 125X.
FIG. 4. Marked area of Fig. 3 (adjacent section). Hotchkiss-McManus. 590X.
FIG. 5. Giant cells and histiocytes in granulomatous omentum. 28 days. H. & E. 475X.
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PLATE III
FIG. 1. Area adjoining Fig. 5, Plate II.
FIG. 2. Same area. Hotchkiss-MeManus. 590X.
smears contained much fibrin, huge numbers of polymorphonuclear leukocytes,
and large and small mononuclear cells. Fragments of mycelium vere interspersed
among the masses of inflammatory cells.
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PLATE IV
FIG. 1. Granulomatous oinentum. H. & E. 475 X.
FIG. 2 Adjacent section. Hotchkiss-McManus. 590 X.
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Forty-seven Sabouraud's agar slants were streaked with autopsy materials
from the animals. Several of the cultures were lost through contamination.
Ten of the uncontaminated cultures produced luxuriant pure colonies of T.
rubrum while the remainder proved to be sterile. Growth of T. rubrum occurred
in cultures from autopsy material taken 6, 7, 15, 18, 23, and 25 days after inocu-
lation of the mice. Each of the three strains used was re-isolated. All re-ioslated
cultures possessed numerous microconidia and were highly chromogenic.
Histopathology. The sections stained with hematoxylin and eosin showed exu-
dative thickening of the peritoneum during the first seven days, with formation
of nodules on the viscera, excepting the adrenal glands, pancreas and stomach.
These organs at no time contained nodules or organisms, although they showed
inflammatory reactions.
At first the nodules were superficially attached to the organ surfaces. Later
they were seen to be more deeply embedded in the tissues of the omentum,
spleen, liver and muscles. Both superficial and deep nodules were well encapsu-
lated and consisted of central zones of necrosis of irregular outline surrounded
by a dense zone of polymorphonuclear leukocytes which was in turn surrounded
by nests of histiocytes. Until the thirty-eighth day, multinucleated Reed-Stern-
berg type giant cells were intermingled with the histiocytes. After thirty-eight
days, and until the termination of the experiment, the giant cells present in the
tissues were mononucleated. The entire lesion was enclosed by a connective
tissue capsule consisting of fibroblasts and lymphocytes. The histologic pic-
ture simulated Hodgkins' disease because of the characteristic giant cells, large
monocytes, fibroblastic hyperplasia, lymphocytes, a sprinkling of eosinophils,
and the central necrosis. No fungi could be seen in the sections stained with
hematoxylin and eosin.
In the Hotchkiss-McManus stain, the organisms were observed to be most
numerous from the seventh to the thirty-fifth days. Before the seventh day,
fungi were found in moderate numbers on the peritoneal lining of the viscera.
After the thirty-fifth day, many of the fungi were of aberrant form, either stain-
ing poorly, or shrunken in size, or arranged in bizarre masses or conglomerations.
In the typical lesions the fungous cells were usually located in the central zone
of necrosis and the surrounding infiltrate. Occasionally, the splenic, liver or
muscle structure adjacent to a nodule had degenerated, and a few mycelial
threads could be seen intermingling with the degenerating organ tissues.
The mice which had received injections of sawdust were killed on the twenty-
third day. Except for occasional white flecks floating free in the peritoneal fluid,
no abnormalities were found. Histologic preparations were made of these
flecks, and of liver, spleen and omentum. The small white objects consisted of
sawdust and a few mononuclear cells. No tissue changes were observed.
DISCUSSION
In many ways the sequence of events following intraperitoneal injection of
mycelium of T. rubrum in mice paralleled that observed following the injection
of the mycelium of Goccidioides imniitis (16). As in coccidioidomvcosis of mice
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induced by the same technic, the process did not stop with superficial local in-
vasion. The developing lesions continued to grow and to invade adjacent tissues.
Rupture of some of the lesions into the abdominal cavity appeared to be asso-
ciated with the widespread appearance throughout the peritoneum of numerous
pinpoint nodules; but unlike the metastatic lesions of coccidioidal infection,
most of these were short-lived, disappearing by the eighteenth day.
The pathologic picture in T. rubrum infection in mice was strikingly uniform
in contrast to the variable tissue response observed in coccodioidomycosis. The
llodgkins'-like granuloma typically encountered in this experiment is perhaps
a type of tissue reaction to a low grade chronic infectious process. The signifi-
cance of this finding cannot at present be evaluated; nor can we explain the fact
that the tissues in and about the splenic omentum became most heavily infected.
It is of interest that no microorganisms could be identified in sections stained
with hematoxylin and eosin, while fungi were seen to be present in the lesions
in large numbers when the Hotchkiss-McManus stain was employed on adjoin-
ing slices. This observation suggests the wider use of the periodic acid-Schiff
technic in undiagnosed granulomatous disease. It also suggests that the usual
failure encountered in attempts to demonstrate Trichophyton fungi in biopsies
of material from suspected ids may not always reflect the sterility of the tissues.
As branching mycelium which stained well by the Hotchkiss-McManus tech-
nic was present in histological preparations as late as the eighty-first day after
inoculation of the animals, we are inclined to believe that a percentage of the
injected filaments successfully adapted to the deep tissue environment and grew
vegetatively at the expense of the tissue. A few unicellular "spherule" forms of
T. rubrum were seen. Others may have been overlooked, as it was difficult to
distinguish between small spherical bodies and cross-sections of hyphae. This
difficulty did not exist with larger unicellular forms. Some of the unicellular
bodies were of bizarre shape; others were spherical. Although no budding of
these forms was seen, their presence may also he interpreted as indicating that
adaption to the deep tissue environment was taking place. The fungi usually
found in the deep mycoses (Blastomyces dermatitidis, C. immitis, Histo plasma
capsulatum, Sporotrichum &henckii) exhibit this unicellular morphology in the
parasitic phase. T. rubrum appears to be more limited in its ability to assume
this form.
Animal passage appeared to effect a cultural "rejuvenation" of the three
attenuated strains of T. rubrum. In contrast to the cultures from which inocula
were made, the reisolated fungi grew luxuriantly, produced an abundance of
microconidia, and were all highly chromogenic. This suggests that animal pas-
sage might be employed to advantage in the maintenance of culture collections.
Our initial results with trichophytin tests of the infected mice were not satis-
factory. Additional studies may clarify the degrees of immunity which develop
and the factors influencing it, and disclose additional information regarding
the period required for antibody formation.
The events following intraperitoneal injection of T. rubrum in mice appear
to furnish additional evidence challenging the propriety of the present classi-
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fication of this microorganism as an obligatory superficial parasite. Lewis, Hop-
per and Scott (10) have already pointed out that T. rubrum should perhaps be
placed with Candida albicans in an intermediate group with features of more
active invasion under certain conditions. Our results offer satisfactory evidence
that in mice T. rubrum can and does invade deeper tissues after intraperitoneal
injection of mycelial fragments.
SUMMARY
1. In a study of mice inoculated with Trichophyton rubrum, a pathologic
process culminating in chronic granulornatous lesions in the omentum, liver,
spleen and muscles simulating those of Hodgkins' disease, was observed.
2. No microorganisms could be found in sections of the lesions stained with
hernatoxylin and eosin, while fungi were seen to be present in large numbers
when the Hotchkiss-MeManus stain was employed on adjacent slices. This
observation suggests the wider use of this or similar stains in undiagnosed
granulomatous disease.
3. The presence of branching mycelium and a few unicellular fungous forms
in the tissues throughout the experiment (81 days), and the fact that T. rubrum
was re-isolated from mice as late as twenty-five days post-inoculation, indicates
that adaptation of the fungus to the deep tissue environment took place.
4. Animal passage appeared to effect a cultural "rejuvenation" of three at-
tenuated strains of T. rubrum.
5. The evidence that T. rubrum is capable of invading deeper tissues in ex-
perimental mouse infection challenges the present classification of this organism
as an obligatory superficial parasite.
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